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Abstract 
DCCP (Datagram Congestion Control Protocol) is a transport layer protocol that provides congestion control for 
unreliable data transmission. The congestion control mechanism embedded in DCCP adjusts the packet sending rate 
according to network condition. However, DCCP does not discriminate congestion losses and wireless link errors 
resulted from fading and thus it leads to unnecessary rate adjustment. In this paper, we proposed a mechanism to 
enhance bandwidth utilization of DCCP over wireless network. We employed a cross-layer loss discrimination
scheme to distinguish congestion loss and fading loss. The cross-layer based mechanism detects frame loss in the 
data link layer in real-time to infer the actual fading loss rate. Thereafter, the fading loss can be excluded from the 
packet loss observed in the transport layer. Once the accurate congestion loss rate is calculated, the sender can make 
appropriate adjustment on the transmission rate that reflects the current congestion state along the transmitting path
using the DCCP rate control procedure. Simulation results show that DCCP with our proposed CCID 3 rate control 
scheme can discriminate fading loss and achieve from 4.7% to 15.5% improvement on transmission throughput 
when the fading loss rate varies from 5% to 15% in wireless network. 
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1. Introduction 
DCCP (Datagram Congestion Control Protocol) is a new transport layer protocol that is designed for providing 
higher transmitting capacity for real-time streaming service, e.g., video on demand and Internet telephony. DCCP 
implements congestion control for unreliable data transmission in the transport layer. Three built-in congestion 
control schemes are CCID 2, CCID 3 and CCID 4. A congestion control scheme can be selected during connection 
setup and dynamically altered, e.g., from CCID2 to CCID3 in real-time, according to the feature negotiation of both 
DCCP endpoints. 
However, DCCP encounters challenges while adapting to the wireless network environment. The congestion 
control schemes of DCCP suffer inappropriate sending rate reduction because of the following two main reasons. 
Firstly, the situation of wireless congestion occurred on an Access Point (AP). It means that the allocated channels 
on the AP are in a highly competition status. In this situation, the total amount of required bandwidth that is needed 
from the connected mobile nodes may exceed the capacity of the AP. Therefore, incoming packets should be 
temporarily stored in AP’s buffer. However, if the arrival rate of incoming packets exceeds the service rate of the 
AP, AP’s buffer may be overflown and some packets should be dropped. It is the so-called wireless congestion that 
leads to significant performance bottleneck during transmission. Secondly, the situation of signal fading error 
occurred during transmission over wireless networks. Signal fading error results from the attenuation of signal 
strength and the effect of multipath fading. The signal fading error affects the integrity of packet delivery and then 
degrades the transmitting throughput. When the situation of signal fading error occurs, some segments of 
transmitted packets cannot be successfully received on the mobile node, and packets are dropped by the node. 
In order to demonstrate the impact of signal fading error, we designed and simulated the situation of wireless 
fading loss particularly. In Fig. 1, it demonstrates that DCCP has performance degradation when the wireless fading 
loss exists. The designed experiment runs DCCP over a wireless network using CCID 3 as the congestion control 
mechanism, and fading loss rate refers to the probability of a packet gets lost due to signal fading error. At the 
startup time, the network has no fading effect and thus the value of the wireless signal fading loss rate is equal to 
zero, on which situation the DCCP’s sending rate is equal to 34.8KB/s. Then we started to add fading loss effect to 
the network. When the fading loss rate grows to 5%, the average sending rate reduces to 31KB/s. Furthermore, we 
increased the fading loss rate from 5% to 40%. We can see that the sending rate degrades dramatically when 
wireless fading increases. In this experiment, we can obtain the result that the reduction of the sending rate isn’t 
relevant to the situation of network congestion. Especially, the experiment result reveals that the rate control 
mechanism in DCCP unnecessarily reduces the transmission rate without the presence of congestion over wireless 
network.  
Fig. 1. Experiment result for DCCP over wireless links 
From the view point of DCCP CCID 3 congestion control mechanism, the loss rate measurement is performed 
based on the detection of lost and marked packets. DCCP maintains a list of receiving history that includes received 
and lost packets. For an ECN-capable (Explicit Congestion Notification) DCCP connection, a marked packet is 
detected as a congestion event. However, in the wireless network domain, packet losses resulted from wireless 
fading are still marked as lost in the receiving list, which is used for calculating the loss event rate. DCCP CCID 3 
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employs the TCP-Friendly Rate Control scheme, which adjusts the packet sending rate on the basis of observed 
network conditions, such as RTT (Round Trip Time) and loss event rate, to achieve TCP fairness and smooth 
transmission rate. The rate control equation is as follow:  
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where X is the transmission rate, S represents the packet size, RTT is the round-trip time, tRTO is the retransmission 
timeout, and p is the loss event rate. When a packet is received, the receiver monitors and updates the receiving 
history list, then calculates the loss event rate. If the new measured value of the loss event rate increases, the DCCP 
mechanism on the receiver sends an acknowledgement to the sender to update the sending rate immediately. 
Otherwise, the receiver sends a feedback in each RTT period. In the wired network, packet losses resulted from 
network congestion, and then the DCCP calculates the appropriate sending rate according to the loss situation. 
However, in the wireless network, since DCCP doesn’t discriminate congestion loss and signal fading loss, it leads 
to the overestimation of loss event rate p and thus have unnecessary reduction of the packet sending rate. 
In this paper, a cross-layer loss discrimination scheme is incorporated into DCCP in order to improve the 
performance of DCCP CCID 3 over wireless links. The proposed cross-layer based mechanism utilizes the 
information provided by the data link layer to discriminate congestion loss and fading loss. With the identification 
between fading loss and congestion loss, DCCP can adjust its transmission rate appropriately. 
The remaining part of this paper is organized as follows. Section 2 introduces related research on DCCP over 
wireless network and the types of loss discrimination mechanisms. Section 3 presents the proposed architecture and 
loss discrimination scheme. Section 4 shows simulation results and performance analysis. Section 5 has the 
conclusion remarks. 
2. Related work 
The rate control mechanism for streaming service over heterogeneous networks is an important research issue. 
However, the rate control mechanism is hard to design because of the rapid variation of the loss situation. An 
appropriate rate adaptation scheme should be able to maintain a smooth sending rate and be sensitive to the network 
condition. Many mechanisms have been proposed for dealing with the problem such as DCCP and SCTP. To 
evaluate the performance of DCCP for video streaming over wireless network, [1] compared the performance of the 
transport layer protocols between DCCP and SCTP. The result shown that DCCP can be a robust protocol for 
streaming service that provides higher throughput and experiences lower delay and jitter as comparing with SCTP 
and UDP. In [2], to maintain QoS of video streaming during handoff, it proposed a predictive rate control scheme 
for DCCP to change the data sending rate quickly. This paper investigated the relationship between packet jitter and 
transmission rate in CCID 3. When a mobile node moves between different wireless LANs with different congestion 
situations, it is able to adjust transmission rate rapidly based on the jitter of probe packets.  
The higher bit error rate resulted from wireless fading affects the throughput of the congestion control scheme in 
wireless network. In order to solve the corresponding problem for DCCP over the wireless network, the authors in [3] 
investigated the modification of the congestion control scheme. In [4][5], the authors utilized the ECN to identify 
the congestion situation. The combined ECN marks packets as the indication of congestion when the network 
becomes congested and then adjusts the DCCP transmission rate in wireless links. ECN needs to be installed on 
routers and the monitoring of the queue capacity can determine whether a packet should be marked or not. In [6], a 
cross-layer solution is proposed in which the information of the physical layer ARQ ACKs were utilized to 
distinguish wireless loss and congestion loss for DCCP. To adapt the congestion control scheme to wireless network, 
it should be able to differentiate congestion packet loss and packet loss resulted from signal fading. Related research 
on loss discrimination can be categorized into three types, end-to-end, explicit, and cross-layered. The implicit end-
to-end based method observes the packet behavior such as RTT or inter-packet arrival time between endpoints to 
distinguish congestion and wireless loss. The authors in [7] calculated the current value of ROTT (Relative One-way 
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Trip Time) and compared it with the mean value and the standard deviation of ROTT to distinguish the presence of 
congestion. The explicit loss discrimination scheme utilizes the information obtained from intermediate nodes, e.g., 
routers or base stations, to distinguish the types of packet losses. For example, TFRC-ASN added additional 
sequence numbers to packets sent over the wireless link in intermediate nodes, and the receiver can analyze the 
TFRC sequence numbers and additional sequence numbers to discriminate congestion from wireless losses [8]. The 
cross-layer based mechanism utilizes the information provided by lower layers, e.g., physical layer or data link layer, 
to discriminate loss types. For example, the MAC layer information can be collected and transmitted upwardly to 
the transport layer to differentiate congestion and wireless losses. The authors in [9] classified capacity related 
losses and erroneous-channel-related losses using the layer 2 ARQ information. 
Comparing to the cross-layer based scheme, explicit loss discrimination relies on the assistance of intermediate 
nodes, which causes overhead on routers. The cross-layer method is more sensitive to the varying network condition 
than the end-to-end method for that it accounts for the information in physical and data link layers. In this paper, a 
cross-layer based mechanism is proposed as the loss discrimination scheme for DCCP. 
3. The Proposed Mechanism 
In this Section, we presented the proposed control architecture and control scheme. 
3.1 Architecture 
DCCP sender
Feedback Acceptor
Rate Controller
DCCP receiver
Feedback
Transmitter
Receiving
History
Recorder
Congestion Loss
Event Rate
Calculator(CLERC)
Fading
Loss Rate
Estimator
(FLRE)
Frame Loss
Detector
(FLD)
Transport layer Transport layer
Data Link layer
Packet
delivery
Extended module
 
   Fig. 2. The system architecture with cross-layer loss discrimination in DCCP 
For the purpose of discriminating congestion loss and fading loss, the loss discrimination scheme is embedded in 
the DCCP rate control process. Fig 2 depicts our designed system architecture extended for CCID 3, and the blocks 
in gray are the extended modules. The original process of rate control performed in both the DCCP sender side and 
the receiver side is explained as follows. In the DCCP sender side, Rate Controller is responsible for transmission 
rate adjustment. Rate Controller calculates the sending rate using Equation (1) in which the parameters such as loss 
event rate, i.e., p and RTT, are provided by Feedback Acceptor. Feedback Acceptor receives the negotiation 
information and loss event rate from the DCCP receiver, and forwards the value of the loss event rate to Rate 
Controller.  
In the DCCP receiver, Receiving History Recorder updates the receiving list when a packet arrives, and then the 
loss event rate is calculated. Then the loss event rate is sent to Feedback Transmitter. Feedback Transmitter 
transmits a feedback packet containing the loss event rate information to the DCCP sender on every RTT time 
period. If the newly calculated loss event rate is greater than the previous one, then Feedback Transmitter transmits 
the feedback message for updating the transmission rate immediately. 
The gray blocks in Fig.2 are the extended modules, which consist of three functional components, Congestion 
Loss Event Rate Calculator (CLERC), Fading Loss Rate Estimator (FLRE), and Frame Loss Detector (FLD). 
CLERC is responsible for removing fading loss from the calculated loss event rate. When CLERC receives the 
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calculated loss event rate sent from Receiving History Recorder, CLERC inquires FLRE for the inferred fading loss
rate. As a result, the loss event rate purely caused by network congestion can be computed using Equation (3), which
is sent to Feedback Transmitter. The proposed cross-layered loss discrimination scheme is deployed in FLRE and
FLD. FLRE is in charge of the transformation from the frame loss rate in the data link layer to the fading loss rate in
the transport layer. Once FLRE is required to provide the fading loss rate to CLERC, it computes the fading loss rate
i.e., ݌௘, with the observed frame loss rate in FLD according to Equation (2). FLD monitors the loss status of frames
in the data link layer and sends the statistics of the frame loss rate to FLRE. The frame loss rate can be calculated
using the amount of fail-decoded PDUs divides the amount of received PDUs (protocol data unit, name as frames in
the data link layer). Please note that, the aforementioned two values of PDUs’ receiving status can be obtained from 
the physical device’s interface and Native Wi Fi APIs.
3.2 The Cross-layer Loss Discrimination Scheme
In order to give a brief introduction of the loss discrimination process deployed in FLRE and FLD, we presented
the procedure of the cross-layer loss discrimination and the inference procedure from the frame loss rate to the
packet fading loss rate in detail. In the procedure of packet delivery, packets firstly arrived at the network interface
controller and then are sent to upper layers to determine whether they should be received or forwarded to the next 
node or not. If the size of a packet is larger than the MTU (Maximum Transmission Unit) of the transmission path
between two adjacent nodes, the packet would be divided into several smaller data units, named as frames. Receiver
collects all frames belonging to the same packet and reassembles them into the original packet. The procedure is
depicted in Fig. 3.
Data link layer
Packet delivery
Frame delivery
Transport layer
Fig. 3. The abstract packet delivery configuration over wireless links.
Once a frame gets corrupted during transmission and fails to be decoded, the remaining frames belonging to the
same packet cannot be reassembled to the original packet successfully, which indicates that the frame loss in the
data link layer affects the packet loss in the transport layer. Hence, the packet fading loss rate can be inferred from
the frame loss rate according to the following probabilistic equations:
 kframelossfadingloss PP   11 (2)
in which ୤ୟୢ୧୬୥୪୭ୱୱ denotes the packet loss rate resulted from fading in the transport layer, ౜౨౗ౣ౛ ౢ౥౩౩ is the frame
loss rate detected in the data link layer and  represents the average number of frames of a packet. A packet X is
received when all of the frames belonging to X are delivered and decoded successfully. From Eq.(3), the congestion
loss event rate can be calculated if the packet loss rate observed at the receiver and fading loss rate are known
according to the aforementioned procedure. Referring to Eq.(3), p is the packet loss rate observed at the receiver, ୡ
represents the congestion loss event rate and ୣ is wireless fading loss rate that are calculated using Eq.(2).
Substituting the value of ୤ୟୢ୧୬୥୪୭ୱୱ in Eq.(2) into Eq.(3), congestion loss event rate ୡ can be obtained using Eq. (4).
     ec ppp   1*11 (3)
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Eq.(3) takes all of the factors that affect packet transmission over wired and wireless networks into consideration, 
which means that a packet can be delivered to the destination node successfully when neither congestion nor fading 
occurs in the link. For instance, a sender transmits 100 packets through a wired path to an AP and the AP forwards 
these packets to the last-hop wireless network; but only 70 packets arrived at the destination node. We assumed that 
congestion only occurs in the wired path and fading loss rate over wireless link is estimated to be 10%. Then, the 
congestion loss rate on the transmitting path is about 1-(1-0.3)/(1-0.1) = 0.22 using Eq.(3). 
4. Simulation Results 
To verify the feasibility of the improved DCCP proposed in this paper, we implemented the extended modules of 
DCCP using NS2. The extended modules enable DCCP CCID 3 to discriminate congestion loss and fading loss and 
adjust the transmission rate according to the situation of network congestion. Besides, it should examine that the 
improved DCCP rate control maintains fairness while competing with TCP flows. 
 4.1 Simulation Environment 
We simulated functionality of the extended modules of DCCP in NS2. To examine the loss discrimination 
scheme, the designed wireless simulation environment consists of (1) a wireless AP that is responsible for 
transmitting packets and (2) a receiver. The network environment parameters are set as that depicted in Table 1. 
                        Table 1. Parameters for simulation environment 
Parameter Value 
Wireless Bandwidth 2Mb 
Packet size 1500 byte 
Fading loss rate Domain I : 10%   
Domain II : 5%-15%  
Domain I and Domain II represent two different network situations. The fading loss rate (1) in Domain I remains 
at a stable value around 10% and (2) in Domain II is increased from 5% to 15%. In Domain I, it intends to observe 
whether the loss discrimination scheme can identify fading loss in a relatively stable network environment or not. In 
Domain II, it intends to observe whether the improved DCCP can be sensitive to the varying fading situation and 
adapts the transmission rate quickly or not. The experiment compared the performance of sending rate and 
throughput between the original DCCP and the improved DCCP. Besides, to examine the TCP-fairness of the 
improved DCCP, the throughput of a concurrent TCP flow was observed too.  
4.2 Performance Analysis 
In order to compare the performance of the original DCCP and the improved DCCP with loss discrimination, Fig. 
4 and Fig. 5 present the sending rate curves and the cumulative throughput. Fig. 4(a) shows the situation of the 10% 
fading loss rate, in which the average sending rate of the proposed scheme is 34.6 KB/s and is 28.6% higher than the 
average sending rate 26.9 KB/s of the original DCCP. Furthermore, the standard deviation of the sending rates in the 
proposed scheme and that of the original DCCP is 0.26KB/s and 1.66KB/s respectively. The improved DCCP 
remains at a much smoother sending rate because it excludes the fading loss rate while the original DCCP suffers 
the rate oscillation from the heavily varying fading effect. The corresponding throughput curve is depicted in Fig. 
5(a), in which the throughput of the proposed scheme is 786Kbps, which is higher than the 728Kbps of the original 
DCCP with the 8.1% throughput improvement. 
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Fig.4. (a) sending rate variation in Domain I; (b) sending rate variation in Domain II. 
In Fig. 4(b), as the fading loss rate increases from 5% to 15% at the 200th second, the original DCCP is unable to 
discriminate fading loss, thus it starts to reduce the sending rate. The experiment time was divided into three time 
intervals, interval I starts from the 100th second to the 200th second, interval II starts from the 200th second to the 
220th second, and interval III starts from the 220th second to the 400th second. Interval I and III stand for the 
situations that DCCP is in a steady fading loss environment, which is the same as that in Fig. 4(a); Interval II 
represents the situation that DCCP adjusts the sending rate while it detects the aggravation of the fading effect. In 
interval I, the average sending rate of the original DCCP and the proposed scheme is 31.1f1.09 KB/s and 36.2f
0.22 KB/s respectively, and the proposed scheme has 16.3 % of the sending rate improvement. In interval III, the 
average sending rate of the original DCCP and the proposed scheme is 22.8f1.56 KB/s and 33.2f0.31 KB/s 
respectively, and the latter has the 45.6% sending rate improvement. When the fading loss rate increases, the 
improved DCCP scheme excludes the fading loss and avoids the reduction of the sending rate. However, as shown 
in Fig. 4(b), the sending rate of the proposed scheme reduces to a lower stable value after the 200th second. The 
situation is resulted from the fact that the increase of the fading effect has influence on the estimated RTT at the 
sender. Due to the ARQ feature in the physical layer, it increases RTT and causes slightly rate reduction in DCCP 
while calculating the transmission rate using Eq. (1).  In interval II, due to the sudden increase of fading loss, the 
original DCCP dropped its transmission rate quickly and was unable to maintain a stable sending rate, while the 
improved DCCP scheme detected the fading loss occurred in the wireless link and removed the effect of fading.  
The corresponding throughput curves are shown in Fig. 5(b), which indicates the advantage of loss discrimination 
for about 15.5% improvement of the transmitting throughput. 
 
Fig.5. (a) throughput variation in Domain I; (b) throughput variation in Domain II 
Fig. 6 shows the throughput comparison between the original DCCP, the improved DCCP scheme and two 
concurrent TCP flows. From the result, the throughput of the TCP flow transmitted with the proposed scheme 
84   Chung-Ming Huang et al. /  Procedia Computer Science  32 ( 2014 )  77 – 84 
remains the same as that of the TCP flow transmitted with the original DCCP. Thus, it shows that the proposed 
DCCP scheme neither occupies all of the network bandwidth nor threatens the throughput of the TCP flow. The 
reason is that the rate control scheme in DCCP CCID 3 adapts its transmission rate based on the estimated network 
condition, and from Eq.(1), the maximum sending rate is proportional to the packet size. Therefore, the improved 
DCCP does not unlimitedly increase the sending rate to occupy the remaining available bandwidth. 
 
Fig.6. (a) TCP-fairness evaluation in Domain I; (b) TCP-fairness evaluation in Domain II 
5. Conclusion 
Fading effect over wireless network results in inappropriate rate sending rate adjustment for DCCP CCID 3, and 
causes the waste of wireless network bandwidth utilization. In this paper, a cross-layer based loss discrimination 
scheme is incorporated into DCCP to remove the fading effect on the DCCP congestion control. The proposed 
scheme is implemented in DCCP to infer fading loss from the receiving information provided in the data link layer. 
In the simulation, we have examined the performance of the proposed scheme. The simulation result shown that, 
using our proposed cross-layer based loss discrimination scheme over the wireless environment, DCCP can achieve 
up to 45.6% improvement of the transmission rate and up to 15.5 % improvement of the transmitting throughput. 
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